In order to evaluate the long-term (30-day) influence of nickel on biomass of periphyton communities, indoor artificial streams were used with differing nickel concentration (2.5, 5, and 7.5 mg/l). Physical and chemical factors (pH, NO 3 -N, PO 4 -P, dissolved oxygen, total suspended solids, conductivity, total dissolved solids, biochemical oxygen demand, and chemical oxygen demand)
INTRODUCTION
There is insufficient information available regarding nickel pollution in inland fresh water wetlands in Iran. In research on heavy metals in European rivers, the minimum and maximum concentrations of heavy metals in winter were 69.3-110.7 μg/l, 1.7-118.3 μg/l, and 5.5-70.3 μg/l, for Ni, Cr, and Cu, respectively (Campbell & Stokes ; Stokes et al. ) . The minimum and maximum concentrations of these metals in spring were 41.0-60.7 μg/l, 0.7-19.8 μg/l, and 0.5-28.7 μg/l, for Ni, Cr, and Cu, respectively. However, extensive pollution caused by various domestic and industrial wastewaters has turned many small rivers into unhealthy watercourses, which may have high doses of heavy metals. The concentration of nickel in polluted systems has been reported to range from 10 μg/l to more than 3 mg/l in Sudbury Lake (Stokes et al. ) . Longterm effects of nickel on microbenthic communities have generally been reported in contamination ranges from 0.05 mg/l to 5 mg/l. There are indications that nickel and copper (Cu) interact to decrease biomass production. On the other hand, nickel and ethylenediaminetetraacetic acid (EDTA) have an antagonist relationship where EDTA will decrease nickel toxicity. The mechanisms by which this reduction in productivity occurs are not explicitly known, but there are strong suggestions that nickel may interact with Cu, Zn and other important metals. Thus, nickel will influence the availability of other metals by competition in its absorption and this interaction might affect algal growth (Anke et al. ) .
In laboratory experiments with algae, the uptake and the toxicity of heavy metals have been shown to be related to the free metal concentration (Campbell ) . For this reason, freshwater microalgae have been subjected to many phytotoxicity tests. However, most phytotoxicity information obtained from these tests is based on the results for a few freshwater green algal species (Mohan & Hosetti ) . The main aim of the present study was to address the toxicity effect of nickel at the community level (composition species were not included in this research) by evaluating the toxic effect of nickel on various aspects of the productivity of a periphyton community such as chlorophyll content.
MATERIALS AND METHODS
This survey was undertaken in four fiberglass channels ), which were used to become colonized by periphyton algae for 18 days. Temperature, conductivity, pH, nitrate, phosphate, and dissolved oxygen were also measured (APHA ). During the course of the experiment, water temperature was 12-13 W C, pH ranged from 8.35 to 8.45, and conductivity ranged from 252 to 288 μS.cm À1 (Table 1) .
Samples for determination of dry mass were randomly selected every 4 days, dried for 24 hours at 60 W C and the attached algal periphyton scraped from the tiles with a razor blade and weighed. For measuring AFDM (ash-free dry mass), samples of periphyton scraped from the tiles were dried for 24 hours at 60 W C and then combusted in a 525 W C furnace for 4 hours. Acid decomposition of samples of approximately 0.5 g dry weight was performed in a mixture of 10 ml 65% HNO 3 and 10 ml distilled H 2 O for 50 minutes, using a microwave oven. Cadmium concentration of samples was measured after filtration by filter paper, using the same atomic absorption spectrometer (AA-680/G; Shimadzu) (Heng et al. ) .
Ten tiles were randomly selected and the periphyton scraped into tubes containing 10 ml of 95% ethanol. Then, the samples were stored overnight in a deep freeze. The optical density of the supernatant at 665 nm was determined, before and after adding two drops of 0.1 N HCL, using a In order to measure the nickel concentration in the algal specimens, AFDM of algal specimens were acidified by 10 ml 14 N HNO 3 . Then, the volume of each specimen was increased to 25 ml by adding double distilled water.
Afterwards, all samples were kept at 120 W C for 1 hour and analysis of dissolved nickel was carried out by the atomic absorption spectrometer (AA-670; Shimadzu). Standard curves were prepared using known concentrations of nickel nitrate (25 ppm, Merck). Using these standard curves, the total nickel concentrations in the algal samples were calculated.
Statistical analyses
The quantitative analysis of the algal community was carried out on days 4, 8, and 12 after adding nickel nitrate. Ten tiles were randomly selected from each channel and kept in a 4%
formalin solution. For each nickel exposure concentration, the mean and the 95% confidence interval were calculated from the data collected from the experimental channels.
Dry mass, AFDM, chlorophyll-a, and nickel concentration data were analyzed using one-way analysis of variance (ANOVA).
RESULTS
Assuming chlorophyll-a, dry mass, and AFDM as an indicator of well-being of the periphyton community, the periphyton appeared to suffer from adverse effects of nickel contamination (Figures 1-3 , respectively. Results of one-way ANOVA showed a significant difference between T3, T2 and C (Table 2) .
Dry mass and AFDM were measured and a similar pattern as that for chlorophyll-a variations was observed (Figures 2 and 3) . The results showed a significant inhibitory effect of different concentrations of nickel which led to a reduction in the dry mass production and AFDM (Table 2) .
Dry mass declined to 0.0645 mg·cm 
DISCUSSION
Many studies have examined the toxicity of nickel, but most have focused on laboratory-cultured species of algae as opposed to whole communities. Thus, laboratory ).
